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(54) [Title of the Invention] Composition for optical materials, plastic 
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(57) [Abstract] 

[Subject] To provide a composition for optical materials which can 
provide optical materials having a high refractive index, a high Abbe 
number, excellent transparency and excellent physical properties and 
exhibits excellent property for molding. 

[ Solution] A composition comprising component A, component B and 
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component C described in the following. Component A comprises 60 to 
100% by mass of a compound which has a molecular weight of 250 or 
greater, a content of sulfur of 30% by mass or more and 3 or more thiol 
groups and 0 to 40% by mass of an other poly thiol compound. 
Component B comprises a compound which has 2 or more thioglycidyl 
group and/or glycidyl group. Component C comprises a compound which 
has 2 or more isocyanate group and/or isothiocyanate group. When X 
represents the number by mole of thiol group in component A, Y 
represents the number by mole of glycidyl group and thioglycidyl group in 
component B and Z represents the number by mole of isocyanate group 
and isothiocyanate group in component C, X, Y and Z satisfy the following 
relations: (Y+Z)/X=0.70~1.50, Y/X=0. 10-0.90 and Z/X=0. 10-1.40. 
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[Claims] 

[Claim 1] A composition for optical materials which comprises at least 
component A, component B and component C described in a following and 
satisfies following conditions a to c : 

Condition a (Y+Z)/X=0. 70-1.50; 

Condition b Y/X=0. 10-0.90; and 

Condition c Z/X=0. 10-1.40; 

wherein X represents a number by mole of thiol group in component A, Y 
represents a total number by mole of glycidyl group and thioglycidyl group 
in component B and Z represents a total number by mole of isocyanate 
group and isothiocyanate group in component C; 

[Component A] Component A comprises 60 to 100% by mass of 
component Al described in a following and 0 to 40% by mass of component 
A2 described in a following : 

Component Al: a component comprising a compound which 
has a molecular weight of 250 or greater, a content of sulfur of 30% by 
mass or more and 3 or more thiol groups in a molecule; and 

Component A2: a component comprising a compound which 
has at least 2 thiol compounds and does not satisfy the requirements for 
the compound of component Al; 

[Component B] Component B comprises a compound which has at 
least 2 thioglycidyl groups and/or glycidyl groups in a molecule; and 

[Component C] Component C comprises a compound which has at 
least 2 isocyanate groups and/or isothiocyanate groups in a molecule. 
[Claim 2] A composition for optical materials according to Claim 1, 
wherein component Al comprises 
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tetrakisCV-mercapto^^-dithiaheptyD-methane 



and/or 



2 J 3-(6-mercapt<r l,4dithiahexyl)- 1-propanethiol. 

[Claim 3] A composition for optical materials according to any one of 
Claims 1 and 2, wherein component B satisfies a relation Yl/Y^0.1, Yl 
representing a number by mole of thioglycidyl group in component B. 
[Claim 4] A composition for optical materials according to any one of 
Claims 1 to 3, wherein component B comprises a compound represented 
by general formula CD* 

[Formula (l)] 

General formula (I) 



(In the above formula, R 1 , R 2 , R 3 and R 4 each represent hydrogen atom, a 
halogen atom or an alkyl group having 1 to 6 carbon atoms, the atoms and 
the groups represented by R 1 , R 2 , R 3 and R 4 may be a same with or 
different from each other and X represents glycidyl group or thioglycidyl 
group.) 

[Claim 5] A composition for optical materials according to Claim 4, 
wherein component B comprises a compound represented by general 
formula (l), wherein R 1 , R 2 , R 3 and R 4 each represent hydrogen atom. 
[Claim 6] A composition for optical materials according to any one of 
Claims 1 to 5, wherein component C comprises at least one compound 
selected from xylylene diisocyanate, tolylene diisocyanate, isophorone 
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diisocyanate and 2-isocyanatoethyl 2,6-diisocyanatocaprolate. 
[Claim 7] A plastic lens which comprises a polymer obtained by treating 
a composition for optical materials described in any one of Claims 1 to 6 
by polymerization. 

[Claim 8] A process for producing a plastic lens which comprises a step 
of treating a composition for optical materials described in any one of 
Claims 1 to 6 by polymerization. 
[ Detailed Description of the Invention ] 
[0001] 

[Field of the Invention] The present invention relates to a composition 
for optical materials which provides optical materials having a high 
refractive index, a high Abbe number and excellent physical properties, a 
plastic lens obtained by treating the composition by polymerization and a 
process for producing the plastic lens. 
[0002] 

[Prior Art] Since synthetic resins have lighter weights and can be 
handled more easily than inorganic glasses, synthetic resins are recently 
used as optical materials widely. It is very important that an optical 
material has a high refractive index, a high Abbe number, i.e., a low 
dispersion, and also excellent physical properties among the properties 
required for the optical material. When an optical material having a 
high refractive index is used, for example, the lens system, which occupies 
an important position in optical instruments such as microscopes, 
cameras and telescopes and spectacle lenses, can be made compact and 
decreasing the weight and suppressing the aberration due to the spherical 
surface can be made possible. On the other hand, it is very important 
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that an optical material has a high Abbe number, i.e., a low dispersion, so 
that the chromatic aberration of a lens can be decreased. 

[0003] However, similarly to optical materials made of inorganic 
glasses, optical materials made of synthetic resins have the tendency that 
the higher the refractive index of the material, the lower the Abbe number, 
i.e., the higher the dispersion, and the higher the Abbe number of the 
material, the lower the refractive index. For example, a diethylene glycol 
diallyl carbonate resin which is called "CR-39" is used as the optical 
material made of a synthetic resin. Although this resin has a high Abbe 
number of 60, the refractive index is as low as 1.50. When this resin is 
used for a lens, a drawback arises in that the appearance of the lens 
becomes poor and the weight of the lens increases due to the increase in 
the thickness at peripheral portions or at the center. A polymethyl 
methacrylate resin which is used as the lens material in some fields has a 
low refractive index of 1.49 although the Abbe number is as high as 60. 

[0004] As other materials used as the optical material, 
polystyrene resins and polycarbonate resins are known. However, these 
resins do not have a sufficiently high refractive index and exhibit great 
birefringence and insufficient physical properties such as heat resistance 
and impact resistance. Therefore, these resins are not always 
satisfactory. 

[0005] To overcome the above drawbacks, development of optical 
materials made of synthetic resins which contain sulfur atom having a 
high atomic refractive index is conducted mainly for the purpose of 
improving the refractive index. 

[0006] For example, in Japanese Patent Application Publication 
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No. Heisei 4(l992)-58489 and Japanese Patent Application Laid Open No. 
Heisei 2(l990)-2 70859, means for obtaining an optical material made of a 
synthetic resin which comprise polymerizing a polythiol compound with a 
compound having isocyanate group and/or isothiocyanate group are 
disclosed. Although optical materials made of a synthetic resin and 
having a high refractivity can be obtained in accordance with these means, 
these means have a draw back in that heat control during the 
polymerization is difficult since the polymerization temperature is 
relatively low and the polymerization rate is great and, as the result, the 
obtained synthetic resin are colored and has optical strains. Moreover, a 
further drawback arises in that the Abbe number becomes small and the 
resin is colored to a greater degree when a synthetic resin having a 
sufficiently high refractive index is obtained. 

[0007] In Japanese Patent Application Laid Open No. Heisei 
1(1989)-215816, a means for obtaining a lens which is based on an epoxy 
resin modified with ur ethane and containing sulfur atom and exhibits 
suppressed coloring by simultaneously conducting the urethane reaction 
and the epoxy reaction, is proposed. However, although the lens 
obtained in accordance with this means has a high Abbe number of about 
39, the refractive index is about 1.60 which is not sufficiently high. 

[0008] In Japanese Patent Application No. Heisei l(l989)-504942 
(International Patent Application Laid-Open No. WO/89/10575) and 
Japanese Patent Application Laid-Open No. Heisei 3(l99l)-81320, a 
means for obtaining a lens made of a polysulflde-based resin by cast 
polymerizing a mixture of a compound having epoxy group and/or 
episu1fi.de group, a compound such as a polythiol and an internal mold 
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releasing agent is proposed. However, although the lens obtained in 
accordance with this means has a high refractive index of 1.66 and a high 
Abbe number of 33, transparency is not sufficient since an internal mold 
releasing agent is contained. 

[0009] In Japanese Patent Application Laid-Open No. Heisei 
8(1996)- 183816, a means for obtaining an optical material made of a 
synthetic resin which comprises treating a polymerizable composition 
containing an epoxy oligomer such as bis[4-(2,3-epoxypropylthio)phenyl] 
sulfide by polymerization is proposed. However, although a synthetic 
resin having a very high refractive index of 1.72 can be obtained, the Abbe 
number is not sufficiently high. 

[0010] In Japanese Patent Application Laid-Open No. Heisei 
9(l997)-3058, thiol derivatives such as bis[4-(2,3-epithiopropylthio)phenyl] 
sulfide are proposed as the monomer for optical materials which provides 
optical materials made of a synthetic resin having a high refractive index. 
However, although these monomers themselves have high refractive 
indices, the optical properties and the physical properties of the obtained 
optical materials made of synthetic resins are not sure. 

[0011] 

[Problem to be Solved by the Invention] As described above, no optical 
materials of a synthetic resin having excellent optical properties such as a 
high refractive index, a high Abbe number and excellent transparency, 
excellent physical properties and excellent property for molding have 
heretofore been known. The present invention has been made under the 
above circumstances and has an object of providing a composition for 
optical materials having excellent optical properties such as a high 
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refractive index, a high Abbe number and excellent transparency, 
excellent physical properties and excellent property for molding in the 
cast polymerization. The present invention has further objects of 
providing a plastic lens having excellent optical properties such as a high 
refractive index, a high Abbe number and excellent transparency and 
excellent physical properties and providing a process for producing the 
plastic lens. 
[0012] 

[Means for Solving the Problem] The composition for optical materials of 
the present invention comprises at least component A, component B and 
component C described in the following and satisfies following conditions 
a to c" 

Condition a (Y+Z)/X=0.70~1.50; 

Condition b Y/X=0. 10-0.90; and 

Condition c Z/X=0. 10-1.40; 

wherein X represents a number by mole of thiol group in component A, Y 
represents a total number by mole of glycidyl group and thioglycidyl group 
in component B and Z represents a total number by mole of isocyanate 
group and isothiocyanate group in component C. 

[0013] [Component A] A component comprising 60 to 100% by 
mass of component Al described in the following and 0 to 40% by mass of 
component A2 described in the following- 
Component Al: a component comprising a compound which 
has a molecular weight of 250 or greater, a content of sulfur of 30% by 
mass or more and 3 or more thiol groups in a molecule. 

Component A2^ a component comprising a compound which 
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has at least 2 thiol compounds and does not satisfy the requirements for 
the compound of component Al. 

[Component B] A component comprising a compound which has at 
least 2 thioglycidyl groups and/or glycidyl groups in a molecule. 

[Component C] A component comprising a compound which has at 
least 2 isocyanate groups anoVor isothiocyanate groups in a molecule. 

[0014] The plastic lens of the present invention comprises a 
polymer obtained treating the above composition for optical materials by 
polymerization. The process for producing a plastic lens of the present 
invention comprises a step of treating the above composition for optical 
materials by polymerization. 

[0015] 

[Preferred Embodiments of the Invention] The present invention will be 
described in detail in the following. The composition for optical materials 
of the present invention comprises component (A), component (B) and 
component (C) which are described in the following. 

[0016] [Component A] A component comprising component Al 
described in the following and component A2 described in the following 
which is used where necessary. 

Component Al: a component comprising a compound which has a 
molecular weight of 250 or greater, a content of sulfur of 30% by mass or 
more in the molecule and 3 or more thiol groups in the molecule (this 
compound will be referred to as a specific poly thiol compound, 
hereinafter). 

Component A2: a component comprising a compound which has at 
least 2 thiol groups in the molecule and does not satisfy the requirements 
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for the compound of component Al (this compound will be referred to as 
an other polythiol compound, hereinafter). 

[0017] Component Al: the specific polythiol compound used as 
component Al has a molecular weight of 250 or greater and preferably 
300 or greater, a content of sulfur of 30% by mass or more and preferably 
35% by mass or more in the molecule and 3 or more thiol groups in the 
molecule. When the compound does not satisfy all of the requirements on 
the molecular weight, the content of sulfur and the number of thiol group, 
the refractive index, the Abbe number, the transparency and the 
mechanical properties of the obtained polymer tend to become poor. The 
specific polythiol compound is not particularly limited as long as the 
compound satisfies the requirements on the molecular weight, the content 
of sulfur and the number of thiol group. Preferable examples of the 
specific polythiol compound include 

tetrakis(7-mercapto-2,5-dithiaheptyl)methane expressed by the following 
formula (x) and 2,3-(6-mercapto-l,4-dithiahexyl)-l propanethiol expressed 
by the following formula (ii). 

[0018] 

[Formula 2] 

Formula (i) 

HSH»CHftCSHiCHtCSHiC K ^CH^SCH.CHiS CH*CH«SH 
HSH jCHiCiiHgCHiC SH i C / ^CHtSCli.CHnS CH*CH 2 SH 

Formula (ii) 
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CH»SH 

1 

H - C S C H * C li « S C H < C H t S H 

I 

CH,SCH,CH«SCH s CH ft SH 

[0019] tetrakis(7 Mercapto-2,5 dithiaheptyl)methane expressed by 
formula (0 can be obtained, for example, by reacting bis(2-mercaptoethyl) 
sulfite with a pentapentaerythrityl tetrahalide such as pentaerythrityl 
tetrabromide in the presence of a base such as sodium hydroxide. The 
reaction of bis(2-mercaptoethyl) sulfite with the pentapentaerythrityl 
tetrahalide is conducted by mixing both compounds, followed by adding 
the above base under heating while the mixture is stirred. Where 
necessary, a quaternary ammonium salt such as tetra-n-butylammonium 
bromide or a quaternary phosphonium salt can be used as the reaction 
catalyst. In the above reaction, it is preferable that the reaction 
temperature is set in the range of 30 to 120°C. As the relative amounts 
of bis(2-mercaptoethyl) sulfite and the pentapentaerythrityl tetrahalide, it 
is preferable that bis(2-mercaptoethyl) sulfite is used in an amount of 4 
moles or more and more preferably 4 to 50 moles per 1 mole of the 
pentapentaerythrityl tetrahalide. As the relative amount of the base, it 
is preferable that 4 to 6 moles of the base is used per 1 mole of the 
pentapentaerythrityl tetrahalide. As the relative amount of the catalyst, 
it is preferable that the catalyst is used in an amount of 0.01 to 1 mole per 
1 mole of the pentapentaerythrityl tetrahalide. 

[0020] 2,3-(6-Mercapto-l,4-dithiahexyl)-l-propanethiol expressed 
by formula (ii) can be obtained, for example, by reacting an epihalohydrin 
or a l,3-dihalogeno-2-propanol with 2-[(2-mercaptoethyl)thio]ethanol in 
the presence of a base to prepare 
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l^-bisCG-hydroxyl^-dithiahexyO ^ propanol, followed by reacting the 
obtained l,3 bis(6-hydroxy l,4-dithiahexyl)-2-propanol with thiourea in 
the presence of a mineral acid and then by alkali hydrolysis of the 
obtained reaction product using a base. 

[002 1] Examples of the specific polythiol compound other than the 
compounds described above include 

l,2-bis[(2-mercaptoethyl)thio]-3-mercaptopropane and 
4,8-bis(mercaptomethyl)-3 J 6,9-trithia l ? ll-undecanedithiol. The specific 
polythiol compound can be used singly or in combination of two or more as 
component Al. 

[0022] Component A2: The other polythiol compound used as 
component A2 is a compound which has at least 2 thiol groups in the 
molecule and is different from the specific polythiol compound. The other 
polythiol compound is not particularly limited as long as the compound 
satisfies the above condition. Examples of the other polythiol compound 
include aliphatic polythiols such as 1,2- ethane dithiol, 1,3 -prop anedithiol, 
1,4-butanedithiol, 1,6-hexanedithiol, 1,8-octanechthiol, 

1,2-cyclohexane-dithiol, ethylene glycol bisthioglycolate, ethylene glycol 
bisthiopropionate, butanedithiol bisthioglycolate, butanedithiol 
bisthiopropionate, trimethylolpropane trithioglycolate, trimethylolpropane 
trithiopropionate, pentaerythritol tetrathioglycolate and pentarythritol 
tetrathiopropionate; aliphatic sulfides such as bis(2-mercaptoethyl) sulfide, 
bis(3-mercapto-propyl) sulfide, bis(4 mercaptobutyl) sulfide and 
bis(8mercaptooctyl) sulfide; and aromatic di thiols such as 
1,2-benzenedithiol, 4-methyl-l,2-benzenedithiol, 
4-butyl- 1,2 -benzenedi thiol and 4- chloro- 1,2-benzenedithiol. 
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[0023] In the present invention, the content of component Al in 
component A is 60% by mass or more and preferably 65% by mass or more. 
When the content is smaller than 60% by mass, the refractivity, the Abbe 
number, the transparency and the mechanical properties tend to become 
poor. 

[0024] [Component B] Component B comprises a compound 
which has at least 2 thioglycidyl groups and/or glycidyl groups in the 
molecule. Preferable examples of the above compound include 
compounds having 2 or more thioglycidyl groups, compounds having 2 or 
more glycidyl groups and compounds having 1 or more thioglycidyl groups 
and 1 or more glycidyl groups. 

[0025] The compound used as component B is not particularly limited as 
long as the compound has at least 2 thioglycidyl groups and/or glycidyl 
groups in the molecule. Preferable examples of the above compound 
include compounds represented by the following general formula (I). 

[0026] 

[Formula 3] 

General formula (I) 



[0027] (In the above formula, R 1 , R 2 , R 3 and R 4 each represent 
hydrogen atom, a halogen atom or an alkyl group having 1 to 6 carbon 
atoms, the atoms and the groups represented by R 1 , R 2 , R 3 and R 4 may be 
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the same with or different from each other and X represents glycidyl 
group or thioglycidyl group.) 

[0028] R 1 , R 2 R 3 and R 4 in the above general formula (I) each 
represent hydrogen atom, a halogen atom or an alkyl group having 1 to 6 
carbon atoms. Examples of the halogen atom include chlorine atom, 
bromine atom and iodine atom. Examples of the alkyl group having 1 to 
6 carbon atoms include linear or branched alkyl groups such as methyl 
group, ethyl group, n-propyl group, i-propyl group, n-butyl group, 
secbutyl group, tert - butyl group, pentyl group and hexyl group. Among 
these atoms and groups, hydrogen atom is preferable. 

[0029] When X represents glycidyl group in general formula (I), 
the compounds represented by general formula (I) are epoxy compounds 
represented by the following general formula (II) (referred to as specific 
epoxy compounds, herein after) : 

[0030] 

[Formula 4] 

General formula (II) 



[0031] (In the above formula, R 1 , R 2 , R 3 and R 4 each represent 
hydrogen atom, a halogen atom or an alkyl group having 1 to 6 carbon 
atoms and the atoms and the groups represented by R 1 , R 2 , R 3 and R 4 
may be the same with or different from each other.) 

[0032] The specific epoxy compound is not particularly limited and 
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various compounds may be used as the specific epoxy compound. 
Preferable examples of the specific epoxy compound include 



bis[4-(2,3-Epoxypropylthio)phenyl] sulfide is more preferable. The 
process for producing the above epoxy compounds is not particularly 
limited. Examples of the process include a process comprising addition 
reaction of an epmalohydrin to a dithiol compound represented by the 
following general formula (III), followed by the ring closure reaction (J. 
Appl. Poly. Sci., Volume 39, 1623 (1990); United States Patent No. 
2731437). 

[0033] 

[Formula 5] 

General formula (III) 



[0034] (R 1 , R 2 , R 3 and R 4 each represent hydrogen atom, a 
halogen atom or an alkyl group having 1 to 6 carbon atoms and the atoms 
and the groups represented by R 1 , R 2 , R 3 and R 4 may be the same with or 
different from each other.) 

[0035] Compounds represented by general formula (I) in which X 
represents thioglycidyl group (referred to as specific epithio compounds, 



bis[4-(2,3-epoxypropylthio)phenyl] 

bis [4 - (2 , 3 - ep oxyp r opylthio) - 3 - me thyl- phenyl] 

bis [4-(2 , 3 -epoxypropylthio) - 3 , 5- dimethylphenyl] 



sulfide 



sulfide, 



sulfide. 



and 
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hereinafter) can be produced in accordance with the process described in 
Japanese Patent Application Laid Open No. Heisei 9(l997)-3058, in which 
the specific epoxy compound described above is reacted with thiourea or a 
salt of thiocyanic acid in an organic solvent to form thioglycidyl group. 

[0036] In the above reaction, potassium thiocyanate, ammonium 
thiocyanate or the like can be used as the salt of thiocyanic acid. The 
relative amount of thiourea or the salt of thiocyanic acid used in the 
reaction is 4 equivalents or less and preferably 3 equivalents or less per 1 
equivalent of the specific epoxy compound used as the raw material. As 
the organic solvent, halogenated hydrocarbons such as methylene chloride, 
1,2-dichloroethane, chlorobenzene and o-dichlorobenzene; hydrocarbons 
such as n-hexane, n -heptane, cyclohexane, toluene and xylene; ethers such 
as tetrahydrofuran and 1,4-dioxane; and alcohols such as methanol, 
ethanol and isopropanol can be used. The reaction temperature is in the 
range of 0 to 80°C and preferably in the range of 10 to 60°C. After the 
reaction is completed, water is added to the obtained product solution and 
the layer of an organic solvent and the aqueous layer are separated from 
each other. After the layer of an organic solvent is washed with water, 
the organic solvent is removed by distillation and the specific epithio 
compound can be obtained. 

[0037] Since the polymerization reaction proceeds uniformly and a 
polymer having a high refractive index, a high Abbe number, excellent 
transparency and excellent mechanical properties can be obtained, it is 
preferable that component B comprising the compound described above 
satisfies the following condition* Yl/Y^0.1 and preferably Yl/Y^0.2 
wherein Yl represents a number by mole of thioglycidyl group in 
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component B and Y represents the total number by mole of glycidyl group 
and thioglycidyl group in component B. When the value of (Yl/Y) is 
smaller than 0.1, the obtained polymer occasionally has a low refractive 
index or exhibits optical strain since the polymerization does not proceed 
uniformly. 

[0038] As the method for adjusting the value of Yl/Y, (l) a method 
of controlling the fraction of the formed thioglycidyl group by suitably 
selecting the reaction condition in the reaction for forming thioglycidyl 
group from the epoxy compound used as the raw material or (2) a method 
of mixing compounds having different fractions of the formed thioglycidyl 
group, can be used. Examples of method (2) described above include a 
method of mixing the specific epoxy compound with a compound obtained 
by forming thioglycidyl group from the specific epoxy compound in a 
suitable fraction. 

[0039] [Component C] Component C comprises a compound 
which has at least 2 isocyanate groups and/or isothiocyanate groups in a 
molecule. Examples of the above compound include polyisocyanate 
compounds having 2 or more isocyanate groups, polyisothiocyanate 
compounds having 2 or more thioisocyanate groups and compounds 
having 1 or more isocyanate groups and 1 or more thioisocyanate groun's. 

[0040] The polyisocyanate compound is not particularly limited. 
For example, aliphatic polyisocyanates, alicyclic polyisocyanates, aromatic 
polyisocyanates and polyisocyanates having sulfur can be used. 

[0041] Examples of the aliphatic polyisocyanate include ethylene 
diisocyanate, trimethylene diisocyanate, tetramethylene diisocyanate, 
hexamethylene diisocyanate, xylylene diisocyanate, 
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bis(isocyanatoethyl)-benzene, bis(isocyanatopropyl)benzene, 
bis6socyanatobutyl)benzene, bisGsocyanatomethyDbenzene and 
2-isocyanatoethyl 2,6-diisocyanatocaprolate. Among the above 
compounds, hexamethylene diisocyanate, xylylene diisocyanate, 
bisdsocyanatoethyObenzene and 2-isocyanatoethyl 

2,6-diisocyanatocaprolate are preferable and xylyene diisocyanate and 
2-isocyanatoethyl 2,6-diisocyanatocaprolate are more preferable. 

[0042] Examples of the alicyclic polyisocyanate include isophorone 
diisocyanate, cyclohexane diisocyanate, methylcyclohexane diisocyanate, 
bisdsocyanatomethyDcyclohexane, dicyclohexylmethane diisocyanate, 
2,2 , *dimethyldicyclohexylmethane diisocyanate and 

dicyclohexyldimethyl-methane diisocyanate. Among the above 
compounds, isophorone diisocyanate, cyclohexane diisocyanate and 
bis(isocyanatomethyl) -cyclohexane are preferable. 

[0043] Examples of the aromatic polyisocyanate include tolylene 
diisocyanate, phenylene diisocyanate, dimethylphenylene diisocyanate, 
ethylphenylene diisocyanate, diethylphenylene diisocyanate, benzene 
triisocyanate, trimethylbenzene triisocyanate, naphthalene diisocyanate, 
biphenyl diisocyanate, 4,4'- diphenylm ethane diisocyanate and toluidine 
diisocyanate. Among the above compounds, tolylene diisocyanate is 
preferable. 

[0044] Examples of the polyisocyanate having sulfur include 
thiodiethyl diisocyanate, dithiodiethyl diisocyanate, thiodipropyl 
diisocyanate, dithiodipropyl diisocyanate, diphenyl sulfide 
2 ,4'- diisocyanate, bis(4isocyanatomethylbenzene) sulfide, 1,4-dithiane 
2,5-diisocyanate and diphenyl disulfide 4, 4 ? - diisocyanate. Among the 
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above compounds, diphenyl sulfide 2,4'-diisocyanate is preferable. 

[0045] The polyisothiocyanate compound is not particularly 
limited. For example, aliphatic polyisothiocyanates, alicyclic 
polyisothiocyanates, aromatic polyisothiocyanates and polyisocyanates 
having sulfur can be used. 

[0046] Examples of the aliphatic polyisothiocyanate include 
1,2-diisothiocyanatoethane, 1,3-dtisothiocyanatopropane, 
1,4-diisothiocyanatobutane and p-phenylenediisopropylidene 

diisothiocyanate. Examples of the aliphatic polyisothiocyanate include 
cyclohexane diisothiocyanate. 

[0047] Examples of the aromatic polyisothiocyanate include 
1,2- diisothiocy anatobenzene , 1,3" diisothiocy an atobenzene , 

1.4- diisothiocyanatobenzene, 2, 4- diisothiocy anatotoluene, 

2.5- diisothiocyanato-m-xylene, 4,4'-diisothiocyanato-l,l-biphenyl and 
l,l'-methylenebis(4-isothiocyanatobenzene). Among the above 
compounds, 1,2-diisothio-cyanatobenzene, 1, 3 -diisothicy anatobenzene and 
1,4- diisothiocy an ato -benzene are preferable. 

[0048] Examples of the polyisothiocyanates having sulfur include 
thiobis(2-isothiocyanatoethane), dithiobis(2-isothiocyanatoethane), 
thiobis(3-isothiocyanatopropane), dithiobis(4-isothiocy an atobenzene) and 
sulfonylbis(4-isothiocyanatobenzene). 

[0049] The compound having 1 or more isocyanate groups and 1 or 
more thioisocyanate groups is not particularly limited. For example, 
aliphatic compounds, alicyclic compounds, aromatic compounds and 
compounds having sulfur can be used. 

[0050] Examples of the above aliphatic compound include 
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1 -isocy an ato - 3 -iso thiocy an atop r op ane an d 

l isocyanato-6-isothiocyanato-hexane. Examples of the above alicylic 
compound include l isocyanato-4-isothiocyanatocyclohexane. Examples 
of the above aromatic compound include 

1 -isocyanato-4-isothiocyanatobenzene and 
4*methyl-3-isocyanato*l"isothiocyanatobenzene. Examples of the above 
compound having sulfur include 4-isocyanato-4'-isothiocyanatodiphenyl 
sulfide. 

[0051] Among the above compounds, xylylene diisocyanate, 
tolylene diisocyanate, isophorone diisocyanate, 2-isocyanatoethyl 
2,6-diisocyanatocaprolate are particularly preferable as component C. 

[0052] In the composition for optical materials of the present 
invention, it is necessary that component A, component B and component 
C described above are comprised as the essential components and the 
following conditions are satisfied- 
Condition a (Y+Z)/X=0.70~1.50 and 

preferably (Y+Z)/X=0.80~1.30 
Condition b Y/X=0. 10-0.90 and 

preferably Y/X=0. 15-0.70 
Condition c Z/X=0. 10-1.40 and 

preferably Z/X=0.15~1.10 
wherein X represents a number by mole of thiol group in component A, Y 
represents a total number by mole of glycidyl group and thioglycidyl group 
in component B and Z represents a total number by mole of isocyanate 
group and isothiocyanate group in component C. 

[0053] When conditions a to c are not satisfied, the following 
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problems arise. 

(1) With respect to condition a- When the value of (Y+Z)/X is 
smaller than 0.70, the obtained polymer tends to become soft. When the 
value of (Y+Z)/X exceeds 1.50, it is difficult that the polymerization 
reaction of component A and component C with component B uniformly 
proceeds and the obtained polymer tends to be colored. Therefore, values 
of (Y+Z)/X outside the above range are not preferable since the polymer 
suitable as the optical material cannot be obtained. 

(2) With respect to condition b: When the value of Y/X is smaller 
than 0.10, obtaining the polymer having a sufficiently high refractive 
index tends to become difficult. When the value of Y/X exceeds 0.90, the 
obtained polymer tends to become soft. Therefore, values of Y/X outside 
the above range are not preferable since the polymer suitable as the 
optical material cannot be obtained. 

(3) With respect to condition c- When the value of Z/X is smaller 
than 0.10, the obtained polymer tends to become soft. When the value of 
Z/X exceeds 1.40, it tends to be difficult that the polymerization reaction of 
component A and component C with component B uniformly proceeds. 
Therefore, values of Z/X outside the above range are not preferable since 
the polymer suitable as the optical material cannot be obtained. 

[0054] The composition for optical materials of the present 
invention may further comprise, where necessary, a monomer component 
other than component A, component B and component C (referred to as 
the other monomer component, hereinafter) in combination with 
component A, component B and component C described above. As the 
other monomer component, compounds having acryloyl group, 
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methacryloyl group, vinyl group, hydroxyl group, amino group, amido 
group or carboxyl group can be used. As the relative amount of the other 
monomer component, it is preferable that the amount of the other 
monomer component is 50 parts by mass or less and more preferably 30 
parts by mass or less per 100 parts by mass of the total amount of 
component A, component B and component C. When the amount exceeds 
50 parts by mass, obtaining the polymer having a high refractive index 
tends to become difficult. 

[0055] The composition for optical materials of the present 
invention may further comprise, where necessary, antistatic agents, 
coloring agents, ultraviolet light absorbents, heat stabilizers, antioxidants, 
fillers and mold releasing agents. To further promote the curing reaction, 
where necessary, the composition may further comprise tertiary amines 
such as triethylamine, hexamethylenetetr amine and 
tetramethyl-guanidine; imidazoles such as 2ethyl-4-methylimidazole and 
2,4-chethylimidazole; and metal salts such as dioctyltin dilaurate and tin 
octylate. Moreover, where necessary, the composition may further 
comprise a cationic polymerization initiator, a radical polymerization 
initiator or a photopolymerization initiator. 

[0056] The plastic lens of the present invention can be obtained by 
treating the above composition for optical materials by polymerization in 
accordance with a conventional polymerization process such as the 
thermal polymerization process and the photopolymerization process. As 
the process for the addition copolymerization of component A, component 
B and component C, the cast polymerization process is preferable since 
the optical material having the object shape can be directly obtained. 
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[0057] The cast polymerization process is a known process and 
can be applied to the present invention without modification. As the 
container used for the cast polymerization, a cast mold, a frame mold or 
an other container which is designed in accordance with the object or the 
application and has a shape of a plate, a lens, a cylinder having a circular 
sectional shape, a cylinder having a polygonal sectional shape, a cone 
having a circular sectional shape, a sphere or an other shape, can be used. 
As the material of the container, an inorganic glass, a plastic, a metal or 
any other material selected in accordance with the object can be used. 
The container for the cast polymerization may be subjected to a 
hydrophobic treatment such as the water-repellent treatment so that the 
mold releasing property is improved. In the actual polymerization, the 
composition for optical materials is placed in the container for the cast 
polymerization and then, for example, the composition is heated. The 
polymerization may also be conducted in accordance with a process in 
which the composition for optical materials is allowed to preliminarily 
react to some extent in a separate reactor and a prepolymer or a syrup 
obtained by the prehminary reaction and having an increased viscosity is 
cast into a container for the cast polymerization to complete the 
polymerization. The article having the object shape may also be obtained 
by cutting and grinding a polymer in a shape of a plate or a block obtained 
in accordance with the cast polymerization. The plastic lens obtained as 
described above may be further finished by the surface polishing 
treatment, the antistatic treatment or the coating treatment of the surface 
with a suitable inorganic material or an organic coating material to 
enhance the surface hardness. 
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[0058] The present invention will be described specifically with 
reference to examples in the following. However, the present invention is 
not limited to the examples. In the following Examples and Comparative 
Examples, "part" means "part by mass". Compounds used as component 
A, component B and component C in the following were as follows : 

[0059] [Component A] 

Specific polyol compound (l): A four-necked flask having a 
capacity of 1,000 ml and equipped with a stirrer, a thermometer and a 
condenser was used. Into the four-necked flask, 600 g (3.9 moles) of 
bis(2-mercaptoethyl) sulfite, 50 g (0.129 moles) of pent aery thrityl 
tetrabromide and 4.1 g (0.0127 moles) of tetra-n*butylammonium bromide 
as the catalyst were placed. After the resultant mixture was heated at 
80 to 100°C, 219 g (0.53 moles) of a 10% by mass aqueous solution of 
sodium hydroxide was added dropwise. Thereafter, the reaction system 
was stirred for 3 hours while the reaction system was kept at 80 to 100°C. 
After the obtained reaction liquid was cooled at 50°C, the aqueous layer 
was separated. The obtained organic layer was washed with water twice 
and concentrated under a reduced pressure. By purifying the obtained 
concentrated liquid in accordance with the silica gel column 
chromatography, 72.6 g (0.107 moles) of 

tetrakis(7-mercapto-2,5 dithiaheptyl)methane expressed by formula 0) 
(the molecular weight: 680; the content of sulfur: 56.5% by mass; the 
number of thiol group: 4) was obtained. The obtained compound will be 
referred to as "specific polythiol compound (l)". 

[0060] Specific polythiol compound (2): A four -necked flask 
having a capacity of 1,000 ml and equipped with a stirrer, a thermometer 
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and a condenser was used. Into the four-necked flask, 360 g (0.45 moles) 
of a 5% by mass aqueous solution of sodium hydroxide was placed. To 
the solution, 62.1 g (0.45 moles) of 2-[(2-mercaptoethyl)thio]ethanol was 
added dropwise under an atmosphere of nitrogen and a homogeneously 
mixed solution was obtained. To the obtained solution, 20.3 g (0.22 
moles) of epichlorohydrin was added dropwise at 20 to 40°C over 1 hour 
and the resultant mixture was stirred for 1 hour while being heated at 40 
to 50°C. The obtained reaction liquid was cooled to 20°C. The cooled 
reaction liquid was filtered and dried and 70.8 g of 
l,3-bis(6-hydroxy-1.4-dithiahexyl)-2 propanol was obtained. 

[0061] Into 166.9 g (1.6 moles) of a 35% by mass hydrochloric acid, 
70.8 g of l,3-bis(6-hydroxyl,4-dithiahexyl)-2 - propanol obtained above was 
dissolved and 9.12 g (1.2 moles) of thiourea was added to the resultant 
solution. The obtained solution was stirred for 5 hours while being 
heated at 100 to 110°C. After the obtained reaction liquid was cooled to 
the room temperature, the reaction liquid was made alkaline by adding 
109.3 g (1.8 moles) of a 28% by mass aqueous ammonia at 20 to 40°C and 
stirred for 2 hours while being heated at 100°C. Then, the reaction liquid 
was cooled to the room temperature and 250 ml of toluene was added to 
the cooled liquid. The obtained liquid was treated by extraction and the 
toluene layer was separated. The obtained solution of the product (the 
toluene layer) was washed with 100 ml of a 5% aqueous solution of 
hydrochloric acid and then with 100 ml of water twice and dried by adding 
20 g of magnesium sulfate. The dried solution was concentrated by 
removing toluene from the solution of the product by distillation under a 
reduced pressure. The concentrated solution was purified in accordance 
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with the silica gel column chromatography and 
2 ) 3-(6-mercapto-l,4 dithiahexyl)-l-propanethiol expressed by formula (ii) 
(the molecular weight- 380; the content of sulfur* 58.9% by mass,* the 
number of thiol group" 3) was obtained. This compound will be referred 
to as "specific polythiol compound (2)". 

[0062] Specific polythiol compound (3): 

l,2-bis[(2-mercaptoethyl)thio]-3 mercaptopropane (the molecular weight"- 
260; the content of sulfur- 61.5; the number of thiol group: 3) 

Other polythiol compound (l)" pentaerythritol thioglycolate (the 
molecular weight- 433; the content of sulfur - 29.6; the number of thiol 
group* 4) 

Other polythiol compound (2)- bis(2 mercaptoethyl) sulfide (the 
molecular weight- 154; the content of sulfur: 62.3; the number of thiol 
group* 2) 

[0063] [Component B] 

Compound (B-l)" Into a four-necked flask having a capacity of 1 
liter, 100 g of bis(4mercaptophenyl) sulfide, 150 g of epichlorohydrin and 
300 g of dioxane were placed. While the resultant mixture was kept at 
10°C, 20 g of a 10% by mass aqueous solution of potassium hydroxide was 
added dropwise and the reaction was allowed to proceed at 20°C for 2 
hours. After the temperature was elevated to 60°C, 90 g of a 45% by 
mass aqueous solution of sodium hydroxide was added dropwise and the 
reaction was allowed to proceed at 60°C for 12 hours. To the obtained 
reaction liquid, water and toluene were added and the aqueous layer and 
the organic layer were separated from each other. The obtained organic 
layer was neutralized and washed with water. The solvent was removed 
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by distillation and 140 g of bis[4-(2,3-epoxypropylthio)phenyl] sulfide 
represented by general formula (II) in which R 1 , R 2 , R^ and R 4 each 
represent hydrogen atom was obtained. The obtained product 
bis[4-(2,3-epoxypropylthio)phenyl] sulfide was a colorless liquid and had a 
refractive index Nj) of 1.669. This compound will be referred to as 

compound (B-l). 

[0064] Compound (B-2): Into a 1 liter four-necked flask equipped 
with a stirrer, a thermometer and a Dimroth condenser, 72.6 g (0.2 moles) 
of compound (B-l) prepared above, 200 g of methylene chloride and 160 g 
of methanol were placed and the temperature was elevated to 40°C. 
While the temperature was kept at 40 to 45°C, 61 g (0.8 moles) of thiourea 
was added and the resultant mixture was kept being stirred at the same 
temperature for 4 hours. After the reaction mixture was cooled to the 
room temperature, 200 g of water was added and the resultant mixture 
was stirred for 30 minutes. Then, the organic layer and the aqueous 
layer were separated from each other and the obtained organic layer was 
washed with 200 g of water twice. After the solvent was removed by 
distillation, the residue was recrystallized from a mixed solvent of 
toluene/n-hexane and white crystals were obtained. The obtained 
crystals were analyzed to determine the structure. The results are 
shown in the following. 

[0065] The melting point: 41.5~43.0°C; the refractive index: 
N D =1.703 

The elemental analysis: carbon: 54.80% by mass (the calculated 
value: 54.78% by mass); hydrogen- 4.55% by mass (the calculated value- 
4.60% by mass); sulfur: 40.65% by mass (the calculated value: 40.62% by 
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mass) 

Infrared spectrum (KBr, cm 1 ): 2923, 1473, 1388, 1099, 1008, 806 
1 H-Nuclear magnetic resonance spectrum (the solvent 1 CDCI3; the 

reference: tetramethylsilane) 5 (ppm): 7.5~7.2 (m, 8H; hydrogen atom on 
the aromatic ring), 3.6-2.1 (m, 10H; hydrogen atom of epithiopropyl 
group) 

[0066] Based on the above results of the analysis, the white 
crystals were identified to be bis[4-(2,3-epithiopropylthio)phenyl] sulfide. 
The yield was 73.8 g and the conversion was 93.5% based on 
bis[4-(2,3-epoxypropylthio)phenyl] sulfide used as the raw material. The 
obtained compound bis[4-(2,3-epithiopropylthio)phenyl] sulfide will be 
referred to as compound (B-2). 

[0067] Compound (B-3): In accordance with the same procedures 
as those conducted above for preparation of compound (B-2) except that 
the amount of thiourea was changed from 61 g (0.8 moles) to 21.3 g (0.28 
moles), 70% of glycidyl group in compound (B-l) was converted into 
thioglycidyl group and a compound of component (B) was obtained. This 
compound will be referred to as compound (B-3). 

[0068] [Component C] 

Compound (C-l): xylylene diisocyanate 

Compound (C-2): isophorone diisocyanate 

Compound (C-3) : tolylene diisocyanate 

Compound (C-4): 2-isocyanatoethyl 2,6-diisocyanatocaprolate 
[0069] <Example 1> Specific polythiol compound (l) as 
component A in an amount of 54 parts, 31 parts of compound (B-3) as 
component B and 15 parts of compound (C-l) as component C were 
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homogeneously mixed under heating and sufficiently treated for degassing 
and a composition for optical materials was prepared. The prepared 
composition for optical materials was cast into a mold for a lens which had 
been subjected to the hydrophobic treatment. The cast composition was 
heated in a manner such that the temperature was kept at 60°C for 7 
hours, then elevated to 90°C over 4 hours, elevated to 130°C over 2 hours 
and kept at 130°C for 1 hour and the polymerization was completed. 
After the above procedures, a lens having a dioptor of -2.0 was produced. 
[0070] Examples 2 to 12 and Comparative Example 1 to 7 
In accordance with the same procedures as those conducted in 
Example 1 except that compositions for optical materials were prepared in 
accordance with the formulations shown in Table 1 and Table 2 and the 
prepared compositions for optical materials were used. 
[0071] 
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[Table l] 



Table 1 - 1 



Example 

Comparative Example 



Formulation of composition 
for optical materials (part) 

component A 

specific polythiol compound (l) 54 49 54 53 55 54 

specific polythiol compound (2) ...... 

specific polythiol compound (3) - - - - 

other polythiol compound (l) ------ 

component B 

compound (B-l) ------ 

compound (B _ 2) - - - - 31 

compound (B-3) 31 36 26 30 31 

component C 

compound (C-l) 15 15 20 - - 15 

compound (02) 17 
compound (03) 7 
compound (04) 7 



(Y+Z)/X 
Y/X 
Z/X 
Yl/Y 



1.011 1,204 1.096 0.990 0.991 0.998 

0.508 0.651 0.426 0.501 0.499 0.495 

0.502 0.554 0.670 0.489 0.492 0.502 

0.7 0.7 0.7 0.7 0.7 1.0 
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Table 1 - 2 



Example 7 8 9 10 11 12 

Comparative Example 

Formulation of composition 
for optical materials (part) 

component A 

specific polythiol compound (l) - 54 52 50 49 

specific polythiol compound (2) 54 
specific polythiol compound (3) 38 

other polythiol compound (1) ----- 5 

component B 

compound (B"l) 31 
compound (B-2) 



compound (B _ 3) 


31 


42 




10 


40 


32 


component C 














compound (O 1) 


15 


20 


15 


38 


10 




compound (02) 














compound (C"3) 












14 


compound (04) 














(Y+Z)/X 


0.753 


0.984 


1.042 


1.492 


1.070 


0.980 


Y/X 


0.379 


0.499 


0.539 


0.170 


0.708 


0.498 


z/x 


0.374 


0.485 


0.502 


1.322 


0.362 


0.481 


Yl/Y 


0.7 


0.7 


0 


0.7 


0.7 


0.7 
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[Table 2] 



Table 1 - 3 



Example 

Comparative Example 



Formulation of composition 
for optical materials (part) 

specific polythiol compound (l) - 64 46 70 41 42 

other polythiol compound (l) 46 ----- - 

other polythiol compound (2) - 35 

compound (B-3) 36 44 - 54 20 39 50 

compound (C-l) 18 21 36 10 20 8 

(Y+Z)/X 0.892 0.996 1.017 1.039 0.511 1.724 1.399 

Y/X 0.441 0.504 0 1.039 0.253 0.842 1.054 

Z/X 0.451 0.491 1.017 0 0.258 0.882 0.344 

Yl/Y 0.7 0.7 - 0.7 0.7 0.7 0.7 



[0073] The properties of the lenses obtained in Examples 1 to 12 
and Comparative Examples 1 to 7 were evaluated in accordance with the 
following methods: 

(1) The property for molding- A lens was observed and, when 
spots and bubbles due to the polymerization were not found, the result 
was evaluated as good. 

(2) Color tone- The color tone was evaluated by visual 
observation. 

(3) Rigidity^ A lens was deformed by hands and, when the 
rigidity was sufficient, the result was evaluated as good; when the rigidity 
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was somewhat insufficient, the result was evaluated as fair and, when the 
rigidity was insufficient, the result was evaluated as poor. 

(4) Transparency: The transmittance of visible light was 
measured in accordance with the method of Japanese Industrial Standard 
K7105. 

(5) Refractive index and Abbe number: The refractive index and 
the Abbe number were measured at 20°C using an Abbe refratometer. 

(6) Specific gravity: The specific gravity was measured in 
accordance with the method of ASTM D 792. 

(7) Impact resistance: The impact resistance was measured in 
accordance with the method of FDA Standard, USA. A steel ball of 16.33 
g was dropped on a sample from the height of 127 cm and the formation of 
fracture was examined. When no fractures were found, the result was 
evaluated as good and, when fractures were found, the result was 
evaluated as poor. The results are shown in Table 3. 

[0074] 
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[Table 3] 



Table 2 





Property 


Color 


Rigidity 


Trans- 


Refract- 


Abbe 


Specific 


Impact 




for 


tone 




mitt" 


ive 


number 


gravity 


resist- 




molding 






tance 


index 






ance 










of visible 


















light (%) 










Example 1 


good 


cl, tr 


good 


91 


1.689 


30.1 


1.340 


good 


Example 2 


good 

to 


cl, tr 


good 


90 


1.687 


28.2 


1.343 


eood 

to 


Example 3 


good 


cl, tr 


good 


91 


1.683 


29.1 


1.345 


good 


Example 4 


good 


cl, tr 


good 


90 


1.667 


28.3 


1.297 


good 


Example 5 


good 


cl, tr 


good 


90 


1.687 


30.0 


1.349 


good 


Example 6 


good 


cl, tr 


good 


90 


1.687 


28.4 


1.334 


good 


Examole 7 


erood 


cl, tr 


erood 


91 


1.684 


26.3 


1.333 


erood 


Example 8 


good 


cl, tr 


good 


yu 


l.b9U 




1 O A A 


good 


Example 9 


good 


cl, tr 


good 


90 


1.683 


27.8 


1.340 


good 


Example 10 


good 


cl, tr 


good 


91 


1.669 


31.8 


1.284 


good 


Example 11 


good 


cl, tr 


good 


90 


1.697 


26.8 


1.327 


good 


Example 12 


erood 

to 


cl, tr 


erood 

to 


90 


1.687 


26.6 


1.336 


erood 

to 


Comparative 


good 


white 


good 


nm 


nm 


nm 


nm 


nm 


Example 1 


















Comparative 


good 


white 


poor 


nm 


nm 


nm 


nm 


nm 


Example 2 


















Comparative 


good 


cl, tr 


good 


91 


1.657 


34.1 


1.329 


good 


Example 3 


















Comparative 


bubbles 


yellow 


poor 


nm 


nm 


nm 


nm 


nm 


Example 4 


















Comparative 


good 


cl, tr 


poor 


nm 


nm 


nm 


nm 


nm 


Example 5 


















Comparative 


spots 


yellow 


fair 


85 


1.686 


26.5 


1.305 


good 


Example 6 


















Comparative 


bubbles 


yellow 


poor 


nm 


nm 


nm 


nm 


nm 



Example 7 
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Abbreviations in Table 2 

cl, tr- colorless and transparent 
nnv not measured 

[0075] As clearly shown by the results in Table 3, when the 
compositions for optical materials of Examples 1 to 12 were used, it was 
confirmed that optical materials having excellent optical properties as a 
lens were obtained. The refractive indices was as high as 1.66 or greater, 
the Abbe numbers was as high as 25.0 or greater and the optical material 
was colorless and transparent so as to give a transmittances of visible 
light of 90% or greater. Moreover, physical properties such as rigidity 
and impact resistance were excellent and the excellent property for 
molding could be exhibited in the cast polymerization. In contrast, the 
compositions of Comparative Examples 1 to 7 had problems as shown in 
the following. 

[0076] In the composition of Comparative Example 1, the obtained 
polymer was turbid and the transparency was very poor since the specific 
poly thiol compound essential as component A was not contained. In the 
composition of Comparative Example 2, the obtained polymer was turbid, 
the transparency was very poor and the rigidity was insufficient since the 
specific poly thiol compound essential as component A was not contained. 
In the composition of Comparative Example 3, the obtained polymer had a 
low refractive index since component B was not contained. In the 
composition of Comparative Example 4, bubbles were formed in the cast 
polymerization, exhibiting the poor property for molding, and the obtained 
polymer was not suitable as the optical material due to the yellow color 
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tone since component C was not contained. Moreover, rigidity was 
insufficient. In the composition of Comparative Example 5, the obtained 
polymer had insufficient rigidity since the value of (Y+Z)/X was smaller 
than 0.70. In the composition of Comparative Example 6, spots were 
formed in the cast polymerization, exhibiting the poor property for 
molding, and the obtained polymer was not suitable as the optical 
material due to the yellow color tone since the value of (Y+Z)/X exceeded 
1.50. Moreover, rigidity was insufficient. In the composition of 
Comparative Example 7, bubbles were formed in the cast polymerization, 
exhibiting the poor property for molding, and the obtained polymer was 
not suitable as the optical material due to the yellow color tone since the 
value of Y/X exceeded 0.90. Moreover, rigidity was insufficient. 
[0077] 

[Effect of the Invention] Using the composition for optical 
materials of the present invention, the optical material of a synthetic 
resin which has a high refractive index, a high Abbe number, excellent 
optical properties such as excellent transparency and excellent physical 
properties can be obtained. Moreover, the composition for optical 
materials of the present invention has an excellent property for molding 
in the cast polymerization. The plastic lens of the present invention has 
a high refractive index, a high Abbe number, excellent optical properties 
such as transparency and excellent physical properties. 
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[0 0 10] HtC, WBB¥9- 3 0 5 8^«l:»l ft 



fttUt, ex [4- (2, S-^t'^^atVl^ 

^U^^^iex^m^m^^^xn^x 

[0011] 
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Y/X = 0. 10 — 0. 90. #J;t* 
Z/X=0. 10 — 1. 40 

[0 0 13] [AfiJfcW TfSA l/jfc#6 0-1 0 0ft 
%*3 J; t^TfEA 2 j&fr 0-40 J: >9 ^fife5> 

^Sd* 3 0 ^a%a-bX*fe "3 , fr^fr^-n^*-/^ 
6MT'fooT, Al^ti^U^tMb'&iKJi:*)^ 

^y ->e/y/i-g&'>fr< 2<a^-t-5<b^«t o 

[0 0 14] M^^f-^ L^yXll JhlEO^: 

k\^x yftbtizn-S 
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[0 0 15] 

B&ft*s£XfiCf&ft&i£%fl,Xti:Zt><DX-3bZ> 9 
[0 0 16] (A/$#] AfiK^(i> TI2Alj^5>*3«fcOS 

So 

A 1 J53c5> : fr*&&2 5 OWJtT-fcoT. ^^^at 
^Tft** 3 0 Hft%EA±-C*> <9 , a>o#^F*3fc^ri— /V 
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[0017] Al^:Al^ittffl^^^ 
<0*Ky^*-Mb&4ftf±, $HF-*# 2 5 G UUi, ff*U 

fi%Ut±* b< 1*3 5SCfi%^_h-Cfc9, 

^rX- (7-^yU^77 P h-2, 5 - v^T-^^/u) ^ 
TIE^ (ii) T*^^S2 I 3- (6-j?t/^^ 
4-^fT^->/u) — 1 — ^n/^v^^j-— /u 

[0 0 18] 
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HSH2CH2CSH2CH2CSH2C CH2SCH2CH2S CH2CH2SH 
HSH 2 CH 2 CSH a CH 2 CSH 2 C / H 2 S CH2CH2S CH 2 C H 2 SH 



CH,SH 

H — C — S CHjCHsSCHaCHaSH 

CHjS CHjCF^SCHsCHaSH 

[0 0 19] _bfe^: ( i) x&ZfrZT h?**- (7 

i x y ^ y ?vi^ h7^n 5 K&^O-O-^ 

y^y *y ^/u^ h7/>7^ K£5\ h y 

y^^y^xy *y 5^1^ h7^7-f h*k<Dfcj&i$^ m 

SCZ^JztJtTibttSo ^C^Ct, f h7- 

A^£fcte4*£***^?Ai£^ SMttXffl^ 
6C:t^T*^S 0 £AJiK*il^-C\ ^J&i&Sfi, 3 0 — 1 

h 7^7^ Kwffiffl^lt -<>^-<>^ni y ^ 
fi, ^y^^;/^ y y ^-yu-T" h y^y^C K l */W^ 



l^/W^LTO. 01-1 wfc^ri^iL 
[0 0 2 0] _bfE5£ (ii) T'^^ttS 2, 3- (6 

ywi. #i;ttf, xt'^nt Kyy^fciii, 3~v? 

xm3^/-2-^p^>V— 2- ( (2-^^7V7 B 

t^i 9, 1, 3-tr* (6-t Ko^r-y-i, 

4-^7^^^) -2-7"n/<y — /V^SiitU r 
(7)1, 3 — (6-tKo^r->-l, 4-v^T^3r 

[0 0 2 1] ±m<D{k^MMft<D!$7£<Dtfy^3--;U4k 
-a%fa<DMcfa$<\k L"CI± N 1, 2-fcT* C (2-^/W7J^ 
h^f/P) ^] - 3 -J/ujjT' h^o^y, 4, 8- 

1, 1 1 -?V^>-7J V^^^-zP/jr^^aifeif btl% 0 
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Vif^v 5 ^^-— /K 4-^po-1, 2 -'<y-£:/> ; ^ : - 
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[0 0 3 0] 
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tt) y^~/P] ^/P7>f Ktfc5, Z.<D£?te^#*r 

WAil TIE— M:^: (in ) -cSSttSv^*-- 
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&mU*. ^tiy>'JS^F-4fcti^3|f»tl'-6©r/w#/i' 
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£HtaKKH^ n— n ^^V, <>^n^=* 

•fry, h/ioi>\ *->W^<z>£Hl:;Mig, fh7tK 
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te-Mb, y^->r-^- h«*2fi«j:^r-*-S2Ky>r 
y^v'T^- Mfc-S^ ^y^r-^- KS^oJz^y 

[0040] sKy-<y->r-^- h^teit ux(±. 
RBJt£*ti\ w^.fiJiBJteRjKy -ryyrt- m®, mm. 

[0041] «^y-fv->rt- hS<o**^Jiu 
Xfi, xfi/y^y-/rt- k hy^f^-fy 
k fh7^f !/y^y->rt-K -^if* 
uyi/-f yv/Tt-K ^ri/i/y^yi/Tt- 
K if* (-<y->r^-- h^/w) -o~£>\ tr* (^ 

y'>T^-— hz/crtf/i^) ^>i?>\ fx (-fy^T^— 
h:/^) ^yfy, tf* wy->7t-hyf;i-) 

2->r y->T^— hxf/i — 2, 6-^y-y 

(3, uy^y->rt-K *~>^>Vy 

->r^-— k if* (-fy^rt-hx^) ^^-t?y\ 
2 — fy-yn-hxf/u-2, 6 -vM y->r^- h 

-fy-yrt-h, 2-fy->r^-hxf;i — 2, 6- 

y->r^— h#y"n bx^6 0 
[0042] B8s^:^ y w y -yrt- h^o^^i t u 

-fy-yrt-h, ^ ^/v*/? a— =3r-y-y ^ y->r^— 

n^Jrv'/M ^ y^ T -^-_ 2 , 2' -V s 

^ a^^i//l/i?> ^ y y v/7t- h/jrir^ 

tfp>tt5- rtt^^^Xtt, -<y^o>-^-<y->r^— 
h, y^p^ty^yy7t-K vf* (-ry->r 
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[0043] %mm# y ^ y ->r+- hffiro^w t u 

T + — K ^Wx^uy^y->rt-K 
jv~7 ui/i?^ y ->r^— K v/xf/^i-uy-; 

/u^yfyhy-ry-yrt-h, t7^yy^yyr 

+— K z^=-jUi?s( y^T-r— V, 4-4' -v?^ 

[0044] #«f*y ^y*>r+- hm<o^mt u 
■m* f^yxf^^yvrt-h, v^^^^a- 

4' --/^y-yrt-K (4->f y-> 

7"+— hy ^/P-O-if y) 7^7>f K 1, 4-v^T 

K-4, 4' -O^ y -y/t- h^^W^ix6o r 

^^O^Tii, v?7x^;M^7^ K— 2, 4' -v^ 

y ->r-+- MWifc 

[0045] /Ky>r y^^r-r— Mb£^£ urii. 
WKiKsesax-r, w^jJBJteis#y-f y^ai-'>r^— h 

^->r^— hs, tffif^y-ry^-yTt-hi^ 

[oo4 6] jj&jt&j^sKy-ry^^^r^— h^tf^&M 
t L-Cfi. i t yft*yrt- h^^^ i> 

y^v-r-j— h7°a^y, i, 4-v^y^ 
Jri/T-f— Vy*$ v. p-7x^uy^y7 J dt°!J7 

[0047] ^#^^y «(ytt->T-t— hm<D&wm 

tbTJi. l, 2-yyyft-y7t-h^<yfy s 
l, 3--y-fyft-y7t-h^yfy, i, 4--^>r 
y^*-->r-j— h^^if:^ 2, 4--^yfty7t 
-hh/^y, 2, y^^->r-7-- h-m-^ 

•>wa 4, 4 J -^yft-y7t-h-i, i-tr 
l, i' -^f uyt'7 (4->fyft-y7 

i t 2-^yft-yrt-h^yfy, i, 
y^-jri/T-)-— h^v-tf >\ i f 4-y^yft-yrt 

[00 4 8] y -< y^^>r+- v&to&ym 
turn, ^^-t*^ (2 — ryf^-y7t-h^^ 
v) , (2 — r y^^->r+- v) , 

t'^ (4 — r y?-**>T-f— h-o~tf >) . 

tr* (4 — fyft->7t-h^y) #^^tf^ 

n,6c 



[0 0 4 9] 4 yuT-t- h&texxf^ y^^>r+- 

ssjvr* WAiiflijwjK{b'&«b, m^i^m, 
[oo5o] jimmmt^yonMrfam t urn, i - 

>( y yrt- h - 3 yf tyrt- hyn/^y, i 
--fyy/t- h- 6 — r y?^>T+- ^Wj; 

i -- fy->7t-h-4-> f y^^-iyr^" 

i y ->t-+— h- 4 — r ytti/T-f— h-o-t? 
v. 4 - y f - 3 - ^ y -y 7t- h - i --f y ^ t v 

iUXfi> 4->fyC/7t-h-4' -^yftv/7t 

[0051] r^u^tfe^, ^yy yy^y->7t 
— K hyyy^y-yrt-h, ^y^oy^yy 
r-+— k 2 -4 y ->r^— h^^/^- 2, 6-^y 
*>r*- h^y°o Hi, c^tL-c«fi^u^ 
-fb^-c*>5o 

[oo5 2] *^^(03fe^H-^ffi«afiJt«j^*3v^rfi. -L 
/v>&£x. BriWHiisttfc^y ->-^y /^ioius^^^ 

» fit]) /Um<7>-&SY<D*:/U&&Y^ C^(w*5(t6-<y 

i/T-t— hm^sxw y^t-y7t- hs^-g-n-co^/U' 

^fe#a (Y + Z) /X-=0. 7 0-1. 5 0, 
<f3. (Y+Z) /X=0. 80—1. 30, 
^ftb Y/X=0. 10 — 0. 90.^f^b<f^ > Y 
/X=0. 15 — 0. 70. *3£tf 

Z/X=0. 10 — 1. 40, ^KIJZ/ 
X= 0. 15—1. 10 

[0 0 5 3] ±|E^a-^c^^b^^^i; 

(1) ^ai^O^X: (Y + Z) /XCOfg^O. 70 

*»-c-*)5«^^f±. mhti%n&m-mw£i><nkte 

SfSlR]dSfe!3, — (Y + Z) /X(D|f^i. 50^ 

(2) ^btro^X : Y/X<Dm&0. 1 0*»©» 
^S^fpJ/^fci^ -77. Y/X^il*S0. 9 0^X.6 
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(3) ^clio^f : z/xtf>iiaso. 1 O^fK^S 
[0 0 5 4] ^ig<D3t^*t^ffl*aj^^l-*5l^Ttt. _h 

T\ rnwii#^j t^5. ) m^t^tt 

*tLT 5 0lf^TT^Ct^t<, J: Off* 

l<h3 osi^tt^^o crowds oiraifp* 

[0 0 5 5] *5S^©3t^W1^ffl*afiS4&tC*Jt^TW:, # 

-4-^f/K^/-/K 2, 4->^^/i~f 5;^;/ 

[0 0 5 6] ^W^^f-y^^VXtt, JilEcOpt 
W**fflffl/&»«\ iS^S^fe. mtfaM^fe 

[0 0 5 7] aM-a-ife»4jafel«ftWX-*>*?. -t^** 

tt. atttf. Hit*** Sttft. 



VXdte, ^lij^CT, SffilffJg&aL ^mi^lb^S 

So 

[0 0 5 8] 

[0 0 5 9] (A/S5M 
mfe<DX})*-Mk>&m (1) ifiSthfc.fctf 

?fr£iJSg£:fii;tfc looo^yy^ h^i^Eop77 

*^£rffl;&U r^0OP77^3(^l:, t*^— (2 — 
^/u^^h^^/u) t/u7r-f F6 0 0 g (3. 9^e 
/u) % -<y^xy^ y v^zfv ;K50g (0. 

129^) J;«i ttr h 7 - n - 7*f /ury 
^r-^A^p^ K4. lg (0. 0 127^) ^rtfci^ 

^ix^s o-i o ox:^mmvfcm, ^#s^r 

X-l 0«%Wtt h y ^ A«t2 1 9 g (0. 5 

«WB«r2[Ei7kiifcu «ffiTx-*3mufc 0 ^e.tbfc*«iat 

6Ct(iJ:^ (i) t$$ft5rh7^- (7- 
y^7 l h-2, (^fi 
6 8 0, flttH^tt5 6. 5^fi%, ^^--yuS^^ 
4) 7 2. 6g (0. 10 7^) ^r^fc 0 ^<D\t^^ 

% r&m<o#v T-ir-Mk&m (i) j t-t-s,, 

[0 0 6 0] ^(DtK y ^-/Wb-^) (2) 

Hi. «aSSf*5J;t/?ft*PSSrii»A.fc5 o o * y y y v/^ 

5®S%7kSKk^" -7^7K^3 6 0 g (0. 4 

s^u) ^ttii^., ^#h^:t-c2- c {2 

->/U7>^h^^/U) ^a-] ^^y— /U6 2. lg 

(0. 4 5^) ^-twjg^^^fcjgffiSrW 
fc 0 ?fc^T% rtO^^l^. xt^PntK!)y2 0. 3 
g (0. 2 2^) 4:2 0 — 4 Ot-ei^K^itTtBT 
U $?>t-, 4 0 - 5 0 1 -C* 1 B#f« U^^fj W t 
fco 1§e>^fcSJC*S&2 0 , C*T*?ft*PU CtlOTL 
«tfSM-5rtl=:J:!K 1. (6-tKn 
^r->-l, 4 — v^T^^r^/U) - 2 — 7 
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0 . 8 g fclffc. 

[006 1] 3-t'7 (6-th'o^->- 

1. 4 - v^T^*->/V) - 2-yp^V-/V7 0. 8 

3 5ft°«16 6. 9g (1. tC^ 

Z<Dmm^Jrmm9- 12g (l. 2-e/U) 

$:^pl, 100-11 ox:x- emmijmi^f^hmw 

H2 8ft%7y^^7^10 9. 3g (1. 8^e;W) 
%2 0-4 0t:x*^D-r6wirt-J; "9, SJ&*&£T/U;*7 

^ 5f 1 0 0 ? y U ^ h;K-i5fe}^ £fbtc: 

tKi o o 5 y y h/^T*2[eiE^ufc^, wm??'?*^ 

<ii) ^^^2, 3- (6->/U^^h-l, 4- 
v^T^VA-) - 1 -^n^yft^v (SHF-fi3 8 
0, S!tf^tt5 8. 9ft% ft-/H«D|[3) & 

(2) j i:^3o 

[0 0 6 2] #3£*>2Ky ^^--/Ht:^ (3) : 1, 2 
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